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ABSTRACT
Paramagnetic resopance data of various rare earth ions
Collemm F Rurorcd s are.
in the crystal field of w presented. It is found

that there are at least three types of symmetries, cubic,
Aowk.
ax:lal and trigonal. w spectra oﬁ-ﬁo—-.-!b-

M are presented.
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We have studied the paramegnetic resonance spectra of rare earth ions in
the crystal field of calcium fluoride. These spectra can be classified as
belonging to three types: a. spectra wiich indicats that the rare earth ions
are exposed to a cubic field; b. spectra in which the anisotropic bebaviour
suggests an axial orystal field along the cubic directions; c. spectra in which
the axial distortion is along the body diagomls‘of the cube,

The calcium jon with fluorite structure is surrounded by a cube of eight
nearest fluorine ions. The trivalent rare earth ions substitute for the
calcium ion, However, a charge compensation has to take place to preserve the
neutrality of the crystal. From measurements of the X-ray lattioe oonatantsl
and of the ionic conductivity® it has been shown that in well snnealed crystals
the main disorder introduced into the crystal by, the.addition of the rare earth
ion is the formation of F~ interstitial (seeFig. 1). The cnpw sites which
are available for the interstitial F ion are located at the center of the
adjacent cube along one of the cubic axes. supporting evidence for e ¥
interstitial formation is found in the work of Bleansy ot al.” -

With proper thermal treatment, part or a large fraction of the interstitial
fluorine ions can be removed from the adjacent cube next to the rare earth ion.4*
In this case, the point symmetry of the rare earth fons approximates Op. In
some orystals, however, the predominant axial distortion is found from paramegnetic
resonance spectra to be along the body diagonals of the cube. The optical
spectra shows a mumber of strong bands and very poor ultraviolet transmission.
It is likely that one of the fluorine ions at the corner of the cube is replaced
by 02~ or OH" ion., Supporting evidence is found that on heating the crystal
in air this spectrum incrseses in intensity. '

The respective crystal fiells are given by

- . -
v bic = 0 : 0 -4 0 L 0 - 4 ]
a) V cubic B4 L'()4 4.5(044 + 04 )] + Bﬁ 06 21.(06 + 06 )]

| = B.000 48090 .y 00 4 -4 4., 4
b V axial B,70,° +8,%, +Bg 06" + B, (044+ 0, )M;‘f(o‘5 +0,~%)

¢) V diogomal = B,00,0 + 8,000 + B2,0 + B3(0,3:0,73) +82(0,3+0,7)
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where B are crystal field coefficients proportional to £ and 0 are
Rn 1l

operators transforming the corresponding spherical Legendre polonomials.

The megnetic properties of these three types of spectra are very different

and we shall illustrate this in a few selected examples. A full report of

the magnetic properties of the rare earth ions in calcium fluoride will
appear alsevhere.

Bt s 4“15/2

a) In the cubic field of calcium fluworide, the 16-fold degeneracy splits into

- 3 quarters (]8) and two doublets. The lowest levels are given by

-258.86 ¢ - 162 4, |8

260-3124, [7

wvhere ¢ and 4 are parsmeters signifying the fourth and sixth order oontribution.
For a point charge model they are given by '

3 2 4 z 2
om i g 4= Lo, Za
P11 g 3 n.as° gl

5

The observed g factor is 6,765 - 0,002. This is consistent with a FI ground

state vhic <ives g calculated = 6.79. A lowest Fl level indicates that the
rare earth i1 spectrum is dominated to a large extent by the sixth order term
in the potential.

6
b) An amial spectrum has been observed by Baker et al and by the author with
& = 7.76 and g, = 6.253. This is oonsistent with the same doublet level
exoept nov exposed to an axial field since g, + 2g, ~ g oubic
3
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6) A set of three lines, arising from the three inequivalent sites with axial

symetry along the three body diagonal directions, is obsefved in some crystals.
Each ion oan be described by g factors

7

€, = 2.25, &) =8.9and again g 4+ 2g, \ g oublo.

3
The g factors can be explained to arise from a doublét with

n|_+_13/2)+b[:7/2)+c|:1/2)+d];5/2)+0|;11/é)

with the coeffiocients b and 4 larger than a, c or e.
s My

(a) The cubic field suggests that r'l is the ground state level. The wave
funoction of the doublet is given by

PR ER

and the calculated g factor = 24/7. The cbserved g factor of 3.426 4 0,001 is

in essential agruunt.a

(c) The spectrum along the body disgonals can be represeated by the spin
Hamjiltonian

Hegpis, +g, BEl,s, *BSy) ¢ 814 B(8, 1+ B 1)+ P(I:-l/sl(ﬂ )]

withS=fand I=%orl=5/2
The observed g factor is g, = 1,323 & 0.001 and g, = 4,387 & 0.002 showing that
this is the r7 anisotropic level. This Kremers doublet cam be approximated with

o.m'31/2)+o.zo4|:1/2)+o.2oo|;s/z)




e

'nulvporﬁno part is expressed as

PO T B . 1168
L. I 5173 . 320
P=g85 t b I (- B ~' 1
g A

all in 10"4 om, These resultes indicate a large quadrupole moment of about
2.4 barns.

5> Y9/
(a) Caloulations show that the ground state for all retios of the fourth to

sixth order paremeters is given by a quartet rs. The wvave functions and
€ Tactors are given by

g value transition ' , fﬁﬁ%ﬂ%x
2.24 0,8722|-5/2) -0,4802 | + 3/2 ) 0.8722 |+5/2 ) 0.4892 | - 3/2 ) | 20
1.15  0.8722|+5/2 )-0.4802 |- 3/2 ) 0.05410( 5 9/2) ~0,2081 |+1/2)0.9530[47/2) 4.4
4,64 0.5410[+9/2)=0.2081 | +1/2)+0.9530 -7/2}-0.054101—9/2}-0.2981]

~1/2. }0.9530| +1/2 ) 0.078
The spin Hamiltonian of the En.m in a cubic field 4s outlined by
Bleam? applies here. The spectrum has been investigated and corresponds

spproximately bo this Hamiltonian.
B = g8(R,S,) + tB(8,S,%) 1=1x,7,s.

10
The observed and calculated g factors are given in Table I .

(v) The axial field spectrus has besn investigated by Bleaney et a1” and
r-ouundbyuam. m‘futoumu.mc.-@.mnlu = 1,501,

The ground state can be desoribed possidbly by

= a[+0/2)+b[+1/2) + of $1/2)
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(o) A weak spectrum is also observed with the axisl field along the body
diagonals.

Ve have, in addition, chserved the oubic field spectrum of Ce>*, Dy
and Ga°", the axial £ie1d spectra of these icss,  The axisl spectrs of ions
vith even mmber of electrons such as Tb>', and Tw> has besn observed as well.!

A large part of this work hes been performed in collaboration with
Mr. M. Dvir, U, Kosenberger and Dr. G. Vinoow.
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Neasured and caloulated g factor of |8 ground state of ¥e>T,

ZARLE 1

€ &xp.

2.26
1.10

1.45

1.6

A%

& caloc,

2.24
1.15

1.46

1.7
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Cxrystal Structure of c.r-2

The figure indicates the possible defect sites near the

rare earth ion substituting for the calcium iom,

F-.

O

O Ca?*or x3*
@D  F - ointerstitia
©

0™ or HO™
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